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This research presents an empirical study, which 
examines the role of contingency factors, i.e. 
uncertainty and competitiveness in relation to 
physical asset management (PAM) practices. The 
research is based on a premise that PAM, which 
comprises of risk management practices, 
performance assessment practices, life cycle 
management practices, policy & strategy 
practices, has become an indispensable element 
of strategic thinking of asset owners as well as 
maintenance and asset managers. The purpose 
of this study is to advance the understanding of 
how organizations that face high or low level of 
uncertainty and competitiveness respond in terms 
of PAM deployment.  
 
This study employed a data set based on a large-
scale survey among organizations in six European 
countries (i.e. Slovenia, Poland, Greece, Sweden, 
Turkey and Slovakia). The results show that 
organizations that are faced with high level of 
uncertainty and competitiveness are more 
engaged in the deployment of PAM practices. 
From a theoretical perspective, this study 
contributes to the contingency theory by providing 
empirical evidence whether a context-dependent 
approach to PAM is needed. The findings also 
provide insights for managers on how to respond 
to the competitive pressure as well as how to 
customize PAM practices in order to adapt to the 
changes in dynamic organizational environment. 
1. Introduction 
Success in any competitive context depends on 
offering higher customer value or operating with 
lower costs (Porter, 1985). One important way in 
which competitive performance could be achieved 
is through the effective management of physical 
assets (Schuman & Brent, 2005). In industrial 
practice the basic effort is to reduce costs and 
increase profit (Pacaiova, Glatz, & Kacvinsky, 
2012). According to Waeyenbergh and Pintelon 
(2002), proper maintenance helps keeping the life 
cycle cost down and ensures proper operations 
and smooth internal logistics. In addition, Al-Najjar 
(2002) outlined that the role of maintenance with 
respect to production is to maintain the quality of 
all the essential elements that contribute to the 
production process to keep the product quality 
and delivery on time at a competitive price. 
Traditionally, maintenance, with its multifaceted 
activities, resources, measurement, and 
management, has been important to 
manufacturing organizations. However, in recent 
years, the need to manage the different aspects of 
maintenance more effectively has increased the 
importance of the role of maintenance in 
organizations (Simoes, Gomes, & Yasin, 2011). 
As such, maintenance function is becoming 
essential for a manufacturing organisation to 
maintain its competitiveness (Al-Najjar, 2007). 
Therefore, in order to ensure survival in the short-, 
medium- to long-term, profitability from assets 
needs to be maximised. The main challenge 
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facing operating and production enterprises is the 
necessity to maintain, and often increase, 
operational effectiveness, revenue and customer 
satisfaction, while simultaneously reducing capital, 
operating and support costs (Mitchell, 2002). 
 
More recently physical asset management (PAM) 
comes to the forefront in order to help asset and 
maintenance managers to exploit full potential of 
the companies and effectively reach their 
business goals. There is growing debate over the 
difference between asset and maintenance 
management. Many researchers argue that PAM 
is more profound than maintenance management 
(Amadi-Echendu et al., 2007). However, one 
should say that PAM could be considered as a 
maintenance management which has a strategic 
role in the organization and goes well beyond the 
responsibility of traditional maintenance 
management. An important aspect of PAM is to 
strike the right balance between performance, 
cost and risk in pursuing the enterprise goals. It 
supports managing investments, capacity and 
production in a more efficient, better quality-
assured, safer and more competitive way 
(Emmanouilidis & Komonen, 2013). 
 
Although there is a great body of literature 
covering various aspects of PAM (e.g. 
Emmanouilidis & Komonen, 2013; Komonen, 
Kortelainen, & Räikkönen, 2012; Amadi-Echendu 
et al., 2007; Schuman & Brent, 2005; Ratnayake, 
2013; Ratnayake & Markeset, 2012), there is lack 
of empirical studies that would explore the PAM 
practices. Additionally, there is no study that 
provides empirical examination of the role of 
contingency factors (i.e. uncertainty and 
competitiveness) in PAM. Therefore, the purpose 
of this paper is to address this gap. 
 
The paper is organized as follows. In Section 2, 
the theoretical background is provided. Section 3 
is devoted to presentation of research methods. 
The research analysis and results are presented 
in Section 4, followed by the discussion and 
conclusions in Section 5 
2. Literature review 
Before discussing the literature review on the role 
of PAM in organization, it is necessary to define 
the maintenance and asset management. The 
scope of maintenance in a manufacturing 
environment is illustrated by its various definitions. 
The British Standards Institute defines 
maintenance as “A combination of all technical 
and associated administrative activities required 
to keep equipment, installations and other 
physical assets in the desired operating condition 
or restore them to this condition” (BSI, 1984). 
Over the time maintenance has developed a wider 
range, and thus maintenance management has 
been defined. In European Standards considering 
maintenance (EN 13306:2010), maintenance 
management is defined as all activities of the 
management that determine the maintenance 
objectives or priorities, strategies, and 
responsibilities and implement them by means 
such as maintenance planning, maintenance 
control and supervision, and several improving 
methods including economical aspects in the 
organization. Further, Wireman (1998), in his book 
“Developing Performance Indicators for Managing 
Maintenance” has defined maintenance 
management as, “The management of all assets 
owned by a company, based on maximizing the 
return on investment in the asset”. Another 
approach can be found in Crespo Marquez and 
Gupta (2006). The Authors presented a holistic 
framework for managing the maintenance 
function. They suggest that maintenance 
management must be aligned with actions at 
three levels of business activities (i.e. strategic, 
tactical and operational). More recently, PAM 
comes to the forefront. It goes well beyond the 
scope of maintenance management. The PAM 
deals with the whole life cycle of the asset, from 
its design to its final disposal. According to 
Mitchell (2002) asset management is: “A 
comprehensive, fully integrated strategy process 
and culture directed at gaining greatest lifetime 
effectiveness, value, profitability and return from 
production and manufacturing equipment assets”. 
Moreover, European Federation of National 
Maintenance Societies (EFNMS, 2009) have 
preferred a simple definition: “the optimal life cycle 
management of physical assets to sustainably 
achieve the stated business objectives”. 
 
In any asset intensive industry an effective 
management of physical assets is crucial. 
Changing business environment has increased 
the strategic importance of PAM in companies 
that have significant investments in physical 
assets (Komonen, Kortelainen, & Räikkönen, 
2012). Without proper management of physical 
assets serious health, safety and environment and 
financial consequences can occur (Ratnayake & 
Markeset, 2012). It is widely acknowledge that 
profitability increases by improving availability and 
preventing loss of production and loss of human 
or capital resources (Duijm, Fiévez, Gerbec, 
Hauptmanns, & Konstandinidou, 2008). This 
means that ineffective asset and maintenance 























management could be attributable to issues such 
as lost profit due to missing production during 
planned and unplanned stoppages, loss of 
customers, reputation and consequently loss of 
market share because of maintenance-related 
factors resulting in delivery delay and poor quality 
(Al-Najjar, 2007; Maletič, Maletič, Al-Najjar, & 
Gomišček, 2014). 
 
2.1 Contingency theory 
Much of the literature suggests that organizational 
practices are formulated in light of perceived 
environmental conditions and internal capabilities 
(Sila, 2007). Contingency theory assumes that 
organizations attain effectiveness by fitting the 
characteristics of the organization to 
contingencies that reflect the situation of the 
organization (Donaldson, 2001). Contingency and 
institutional variables have been identified in the 
literature as factors that influence the 
customization of the organizational practices as 
well as the relationship between these practices 
and performance implications (e.g. Sila, 2007; 
Zhang, Linderman, & Schroeder, 2012). 
3. Methods 
3.1 Sample and data collection 
The data used in this study are obtained from a 
research project conducted by a team of 
international researchers in the field of 
maintenance and asset management. The target 
survey population consisted of international e-mail 
lists of managers across a wide range of 
functions. In total, 138 usable responses were 
collected during the given time window. The 
questionnaire was responded by organizations 
that are located in located in Slovenia, Poland, 
Greece, Sweden, Turkey and Slovakia, in portion 
of 31.9%, 34.1%, 16.7%, 6.5%, 5.8% and 5.1%, 
respectively. Primarily, the rationale for the 
selection of the particular countries was based on 
the sampling strategy to obtain a good spread of 
countries by geographic, economic, political and 
social criteria.  
 
In terms of organizational size (following the 
guidelines of the Statistical Office of the Republic 
of Slovenia), 12.2% of the sample was composed 
of micro-enterprises having five or fewer 
employees, 17.4% were small-sized organizations 
employing 50 or less employees, 31.3% were 
medium sized organizations, employing 51–250 
employees, 21.7% organizations were with 251–
500 employees and 12.2% organizations were 
with more than 500 employees 
 
Based upon Slovenian Standard Industrial 
Classification Codes (SIC), Table 1 shows the 
industry structure of the organisations under 
investigation. As shown in Table 1, most 
respondents (39.3%) indicate that their 
organization is in the ‘manufacturing’ industry. 
 




Agriculture, Forestry and Fishing 1.7 
Mining and Quarrying 6 
Manufacturing 39.3 
Electricity, Gas, Steam and Air 
Conditioning Supply 
2.6 
Water Supply, Sewerage, Waste 
Management and Remediation Activities 
0.9 
Construction 6.8 
Wholesale and Retail Trade, Repair of 
Motor Vehicles and Motorcycles 
16.2 
Transportation and Storage 5.1 
Accommodation and Food Service 
Activities 
0.9 
Information and Communication 3.4 




Table 1 Sample distribution by industry type 
 
3.2 Measures 
The instrument developed in this study consists of 
two major parts. The first part comprises four 
constructs measuring asset management, and the 
second part comprises two constructs measuring 
uncertainty and competitiveness. As mentioned 
above four constructs for measuring PAM are 
used in this study, namely risk management, 
performance assessment, life cycle management, 
and policy & strategy. Items for measuring these 
construct were derived from past studies on PAM 
(e.g. EFNMS - EAMC, 2012; Emmanouilidis & 
Komonen, 2013, Maletič, 2015). Items related to 
uncertainty and competitiveness were developed 
based on from prior empirical studies in the field 
of quality management (e.g. Zhang et al., 2012; 
Jansen, Van Den Bosch, & Volberda, 2006). The 
list of all items can be seen in the Appendix A. 
4. Analysis and results 
4.1 Measurement and validation of constructs 
The scales for PAM practices were subjected to 
validity and reliability tests. The construct validity 












































was assessed merely using exploratory factor 
analysis (EFA) based on oblique rotation (Direct 
Oblimin). The scale reliability was tested by 
calculating its Cronbach’s alpha. Additionally, we 
performed corrected item-total correlations 
(CITCs) in order to strengthen validity and 
reliability results. The results show four factors 
with eigenvalues greater than one, accounting for 
66.9% of the variance (K-M-O statistic 0.937; 
Bartlett statistic 2819.395; significance 0.000). 
The first factor shows the variables having a 
common underlying dimension of “risk 
management”. The second factor named 
“performance assessment”, includes the variables 
relating to measurement and improvement of 
PAM. The third factor, “life cycle management” 
captures the common underlying theme of 
managing entire life cycle of physical assets. The 
fourth factor is named “policy & strategy”, includes 
variables related to the organization’s activities 
that exemplify asset management policy and 
strategy formulation. 
 
4.2 Descriptive statistics 
The results presented in Table 2 include means, 
standard deviations, and bivariate correlations for 
all composite variables in this research. As can be 
seen from the Table 1 the highest mean value 
corresponds to the life cycle management (mean 
3.93, s.d. 0.73), while the lowest value 
corresponds to the business performance (mean 
3.15, s.d. 0.95). Further, the results of the t-tests 
show that there is significant difference between 
mean values for the risk management and the 
performance assessment (t = 2.801, p < 0.01) as 
well as between mean values for the performance 
assessment and the life cycle management (t = -
4.636, p < 0.01). The results also support 
significant difference between mean values for the 
policy and the life cycle management (t = -2.730, 
p < 0.01).  
 
 
 Mean SD (1) (2) (3) (4) (5) 
(1) Physical asset 
Management 3.57 .73      
(2) Risk Management 3,60 .86 .887**     
(3) Performance assessment 3.43 .87 .862** .659**    
(4) Life cycle management 3.72 .81 .862** .701** .658**   
(5) Policy & strategy 3.54 .82 .868** .698** .663** .644** - 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
Table 2 Means, standard deviations and correlations 
 
As can be seen from the Table 2 all correlation 
coefficients are statistically significant and range 
from 0.64 to 0.88 (p < 0.01). 
 
4.3 Difference of means (t-test) 
T-test was used to examine whether there is 
significant difference PAM practices 
implementation considering the two groups for 
each corresponding construct: low level and high 
level of uncertainty and competitiveness (Table 3). 
A score of 4 and above was treated as high, and a 
score of 3 or below was treated as low level 
group. 
 






(N=37) 3.36 0.737 0.121 -2.014* High level 





(N=35) 3.35 0.782 0.132 -2.109* High level 
(N=103) 3.64 0.700 0.069 
*P < 0.05 
Table 3 Summary of the results of the t-test 
 The results show that there are significant 
differences between the mean values of the PAM 























concerning the low and high levels of uncertainty 
and competitiveness (t= -2.014, p < 0.05, t= -
2.109, p < 0.05, respectively). 
5. Discussion and conclusion 
This paper contributes to the literature on 
contingency theory by developing a better 
understanding of contingency factors (i.e. 
uncertainty and competitiveness) regarding the 
deploying of PAM practices. The results of t-test 
show that when organizations are faced with high 
levels of uncertainty they are putting more effort in 
PAM practices. In particular, the results of this 
study indicate that high levels of competitiveness 
seem to stimulate the organizations to deploy 
PAM to a greater extent than organizations that 
are faced with low levels of competitiveness. As 
such, these findings contribute to the discussion in 
the literature concerning the role of contextual 
factors such as uncertainty (Zhang et al., 2012) 
and competitiveness (Jansen et al., 2006). 
 
The main theoretical implication of this study is 
the development of an empirically based and 
testable framework of PAM practices, which 
integrates the literature exploring PAM practices 
(e.g. EFNMS – EAMC, 2012). We used 
exploratory factor analysis, corrected item-total 
correlations and reliability estimation using 
Cronbach’s alpha to confirm whether the scales 
have a factor structure that depicts the theoretical 
dimensionality of their setting. Our results 
indicated that PAM comprises of four constructs, 
namely risk management, performance 
assessment, life cycle management and policy & 
strategy. Our findings underpin previous studies 
(e.g. Emmanouilidis & Komonen, 2013) that have 
examined the role of PAM practices in industrial 
sector. Further, our study support the view of 
researchers who argue that holistic views of PAM 
reflect the general movement in engineering 
circles to emphasize the importance of PAM and 
to focus on the bigger picture of life cycle asset 
assessment, including strategy, risk 
measurement, safety and environment and 
human factors (Amadi-Echendu et al., 2007). 
 
From a managerial perspective, the study 
emphasizes the need to recognize the different 
dimensions of PAM practices. In addition, 
important information for managers is also to 
perceive how organizations responded to different 
environmental conditions (i.e. uncertainty and 
competitiveness). 
 
Despite the overall findings produced in this study, 
we believe that this topic still opens opportunities 
for further studies. Future studies could focus on 
the relationship between PAM practices and 
organizational performance. 
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Risk Management 
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APPENDIX A: Measurement scales 
 
The value in parenthesis for each retained item 
indicates the standardized factor loadings.  
 
Risk Management 
espondents w re asked to indicate how much 
emphasis is placed on ach of the following 























activities where 1 means totally disagree and 5 
means totally agree. 
 
RM1: We embed risk into all activities which could 
affect assets performance (0.947) 
RM2: We analyse IT-system, business system, 
human resources, competence, etc. and address 
risk (0.799) 
RM3: We analyse operation, production, quality 
and logistic process and address risk (0.792) 
RM4: We perform risk assessment in order to 
minimize business losses (0.767) 
RM5: Risk management is an integrated part of 
asset management strategy (0.756) 
RM6: We analyse equipment failure causes and 
effects to address risk (0.657) 
 
Performance Assessment 
Respondents were asked to indicate how much 
emphasis is placed on each of the following 
activities where 1 means totally disagree and 5 
means totally agree. 
 
PA1: We exploit asset history to enhance asset 
knowledge (0.848) 
PA2: We regularly review overall effectiveness of 
asset management activities (0.830) 
PA3: We undertake benchmarking to support 
asset management activities (0.813) 
PA4: We monitor key performance indicators 
(KPIs) to verify the achievement of organization’s 
asset management goals (0.812) 
PA5: We proactively pursue continuous 
improvement of asset management activities 
(0.721) 
PA6: Company collects and analyses data related 
to asset management activities (0.681) 
PA7: We regularly review overall efficiency of 
asset management activities (0.673) 
PA8: We exploit information systems to support 
asset management activities (ERP, CMMS, AMS, 
or similar ones) (0.584) 
PA9: We monitor condition of critical assets 
(0.567) 
 
Life cycle Management 
Respondents were asked to indicate how much 
emphasis is placed on each of the following 
activities where 1 means totally disagree and 5 
means totally agree. 
 
LM1: We continuously modernise our assets in 
accordance with our renewing/revision plans 
(0.874) 
LM2: We continuously rationalise our assets to 
reduce production cost (0.866) 
LM3: We assure quality of our assets during the 
whole life cycle phases (0.582) 
LM4: We assure execution of maintenance 
processes within all assets’ life cycle phases 
(0.581) 
LM5: We execute disposal of assets in 
accordance with the asset management plan 
(0.573) 
 
Policy & Strategy 
Respondents were asked to indicate how much 
emphasis is placed on each of the following 
activities where 1 means totally disagree and 5 
means totally agree. 
 
PS1: We execute asset management strategy 
(0.624) 
PS2: We undertake analyses of asset 
management policy to determine future production 
capacity (0.468) 
PS3: We apply asset management policy (0.822) 




Respondents were asked to indicate their level of 
agreement with the following statements on a 
scale from 1 to 5, where 1 means totally disagree 
and 5 means totally agree. 
 
UN1: Demand for our organization’s products and 
services is unstable and difficult to predict (0. 980) 
UN2: Our organization must frequently improve its 
products and practices to keep up with 
competitors (0. 802) 
UN3: Products/services quickly become obsolete 
in our industry (0.786) 
 
Competitiveness 
Respondents were asked to indicate their level of 
agreement with the following statements on a 
scale from 1 to 5, where 1 means totally disagree 
and 5 means totally agree. 
 
CO1: Organization is faced with high competitive 
pressures in global markets (0. 773) 
CO2: Competition in our local markets is intense 
(0.766) 
CO3: Our local markets are characterized by a 
strong price competition (0.761) 
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